Objectives. Long-term data on infection risk in axial SpA (axSpA) are sparse. TNF inhibitors (TNFis) are increasingly being used in axSpA, with infection being the most important adverse event. We aimed to investigate the frequency of infections in axSpA and to identify factors predisposing to infection.
Introduction
Axial SpA (axSpA) is a chronic, inflammatory disease characterized by back pain, spinal ankylosis, peripheral arthritis and extra-articular manifestations. TNF inhibitors (TNFis) are effective in those patients who do not respond to first-line pharmacological management with NSAIDs and have become an important part of the management of AS. In RA, serious infections are an important adverse event of TNFis, with an incidence of 410/100 patientyears (pys) [13] . The risk of infection is greatest in the first year of treatment [2] .
Long-term data on infection risk associated with biologics in axSpA are sparse. There is an impression that the risk of infection appears to be lower than in RA [46] . Infection risk is considered when selecting patients for TNFi therapy, which is increasingly prescribed for axSpA patients, both those meeting modified New York criteria for AS and those with non-radiographic axSpA. Most of the current data on infection risk in AS is drawn from randomized controlled trials (RCTs) with small numbers of patients followed for short periods of time and in which selected patients may not be representative of the general AS population because co-morbidities are excluded. In this study we aimed to investigate the frequency and types of infection in patients with axSpA and to identify factors that predispose patients to infection.
Patients and methods

Patients
Patients attending the Toronto Western Hospital AS clinic are invited to be registered in the spondylitis database. All patients provide written consent to participate, in compliance with the Declaration of Helsinki, and the study was approved by the Research Ethics Board of the Toronto University Health Network. Clinical, laboratory and radiological data are collected annually according to a standardized protocol. Details of intercurrent infections (type of infection, target organ, antibiotic usage, hospitalization) are captured on each protocol visit. Cofactors that might contribute to infection risk (diabetes and other co-morbidities, glucocorticoid or DMARD use) are collected in the protocol. Data were extracted for all patients enrolled between 1 January 2003 and September 2012 diagnosed with axSpA according to the Assessment of SpondyloArthritis international Society classification criteria [7, 8] who had at least two assessments completed 1 year apart. Serious infection was defined as infection requiring i.v. antibiotics or hospitalization. All infections occurring in the year prior to study enrolment (for which details are recorded at the first visit) and those recorded at subsequent visits were included.
Statistical analyses
Crude infection rates were calculated per 100 pys. Multivariate analysis was performed using a generalized estimating equation model with occurrence of infection as the dependent variable. The reduced model was obtained by stepwise regression. The independent variables tested in the model were age (1 year increase), disease duration (1 year increase), smoking status (ever/never), BASFI (1 U increase), BASDAI (1 U increase), biologic exposure at the time of infection (yes/no), glucocorticoid exposure at the time of infection (yes/no), DMARD exposure at the time of infection (yes/no), presence of co-morbidities (1 U increase in score) and history of hospitalization (yes/no). A co-morbidity score was allocated to each patient scoring one for each of the following: asthma, chronic obstructive lung disease, hypertension, angina, cardiomyopathy, congestive cardiac failure, peptic ulcer, IBD, stroke, psoriasis, liver disease, cancer and diabetes.
Results
Data were analysed for 440 patients (413 with AS according to the modified New York criteria and 27 with nonradiographic axSpA) followed for a total of 1712 pys with a mean follow-up of 3.89 years (S.D. 2.26). Characteristics of the study population are shown in Table 1 . A total of 259 infections, of which 23 were serious, were recorded in 185 patients. Eighty per cent of infections were bacterial and 15% viral. The most common site of infection was the lung, followed by skin, genitourinary tract, upper respiratory tract, sinus and gastrointestinal tract. Ninety per cent of infections were treated with antibiotics, of which 10% required i.v.
antibiotics. The mean co-morbidity score for the study population was low.
Glucocorticoid, DMARD and biologic drug use
For patients using glucocorticoids during the study period (n = 42), the mean time on glucocorticoids was 1.7 years and the mean prednisone dose was 14 mg/day. For the 124 (28.2%) patients who used a DMARD (Table 1) , 65 (52%) used one DMARD, 25 (20%) used two DMARDs and 3 (2.4%) used three DMARDs during the study period. TNFis were prescribed for 264 patients, of whom 61 (23%) used the drug for a maximum of 3 months during the study period, 14 (5.3%) for 612 months, 41 (15.5%) for 1224 months, 42 (15.9%) for 2436 months and 106 (40.2%) for >36 months.
Infection rates
Crude infection rates and 95% CIs were calculated. The overall rate of any infection was 15 (95% CI 13, 17)/100 pys and the serious infection rate was 1.3 (95% CI 0.9, 2.0)/100 pys. No deaths due to infection were recorded. Of the 264 patients prescribed a TNFi during a total 
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13 ( Of the 186 patients never prescribed a TNFi during a total follow-up time of 651 pys with a mean follow-up of 3.50 years (S.D. 2.12), 91 infections (12 serious) were recorded in 71 patients. The rate of any infection in this group was 14 (95% CI 11, 17)/100 pys and the serious infection rate was 1.8 (95% CI 1.0, 3.0)/100 pys. There was no significant difference in the rate of any infections or serious infections in patients on TNFis compared with patients never on biologic agents.
Risk factors for infection
The results of multivariate analysis are shown in Table 2 . In the univariate analysis, DMARD treatment and glucocorticoid treatment were associated with an increased risk of infection. In the multivariate analysis, only DMARD treatment remained significant. TNFi treatment was not associated with an increased risk of infection. Age, disease duration, smoking status, BASFI, BASDAI, co-morbidity score and hospitalization were not associated with an increased risk of infection. Specifically, there was no difference in the frequency of IBD between patients who developed infections (29/185, 15.6%) and those without infections (32/255, 12.5%) (P = 0.35).
Discussion
In this prospective axSpA cohort, the serious infection rate was low. Long-term data on infection risk in axSpA are limited. A systematic review and meta-analysis of clinical trial experience comparing the risk of infection between TNFi and placebo in AS [4] found the risk of serious infections in 2202 patients with AS not exposed to immunosuppressive drugs was very low (0.4/100 pys). However, as these were patients selected for clinical trials, the real-world infection risk may be higher. In the meta-analysis of nine RCTs of TNFis, where the trial duration ranged from 12 to 30 weeks, the risk of serious infection was 1.9/100 pys in the treatment group vs 1.0/100 pys in the control group. This difference was not statistically significant. The serious infections reported were both viral and bacterial and no deaths due to infection were reported. The lack of significance may be explained by a lack of power, as the power calculation indicated that the overall sample size was insufficient to detect significance for this difference in risk. In addition, the period of observation was short for agents that are commonly used for long-term management of the disease.
Burmester et al. [5] evaluated 71 global clinical trials of adalimumab across six diseases for safety and mortality rates. Four clinical trials (comprising 1684 patients) in AS were included. The rate of serious infection was 1.4/100 pys, compared with 4.6/100 pys in RA and 2.8/100 pys in PsA. No cases of tuberculosis or serious opportunistic infections were reported in AS patients. This analysis did not include control AS patients who were not treated with a TNFi.
A retrospective cohort study from four large US databases investigated the risk of hospitalization for infection in patients treated with TNFi [6] . The investigators combined patients with psoriasis, PsA or AS and found the serious infection hospitalization rates to be 5.41/100 pys in the TNFi group vs 5.37/100 pys in the comparator group, with no significant difference between the groups. Baseline use of glucocorticoids in these patients was associated with a significantly increased risk of serious infections in a dose-responsive manner. The databases used in this study comprised predominantly lowincome patients from medically underserviced areas, which may have contributed to the higher absolute rates of infection compared with previously published cohort studies.
In this cohort, the serious infection rate in patients treated with TNFi was in keeping with rates reported in RCTs and TNFi use was not associated with an increased risk of infection. DMARD use (which in this population was most often MTX) appeared to be associated with an increased risk of infection. The association of MTX with infection has been most widely studied in RA, and while early work suggested that there was a higher risk of infection in patients on MTX than those not on MTX [9] , later studies have not supported these findings [1012] . RA itself is associated with an infection risk greater than in the general population [13] and this may confound the interpretation of differences between treatment groups. Patients on immunosuppressants may be more likely to report infections than other patients, which could contribute to the apparent association of infection with DMARDs. In the AS population, DMARDs are often used in patients with IBD. However, a subanalysis demonstrated that patients who had reported infections did not have a significantly higher frequency of IBD than those who had never reported an infection. Further studies are required to confirm any association of infection with DMARD use in other AS cohorts.
There are limitations to interpreting these observational data. We relied on self-reporting of infection by the patient, so under-or overestimation of infection rates is possible due to recall bias. However, patients on biologic therapy are counselled about the risk of infection and might be expected to recall and report infections more often than patients not on biologic therapy. It is therefore unlikely that recall bias resulted in underestimation of the effect of biologic therapy on infection risk. Patients with a high baseline risk of infection may be less likely to receive biologic therapy (selection bias) and therefore the true risk of infection on biologic therapy may be higher in unselected patients. Patients starting biologic therapy are also screened for infections prior to commencing the drug, which may explain the low rate of infection seen in this group.
Our findings represent a real-worldsetting that includes AS patients with co-morbidities under long-term followup. The apparent lower rate of infection in patients with AS compared with RA may reflect several factors: the younger age and lower frequency of co-morbidities in AS, differing immunogenetic mechanisms in the respective diseases and differences in treatment regimens, with glucocorticoid and concurrent DMARD therapy being much more common in RA than AS.
Rheumatology key messages
. The serious infection rate in this axial SpA cohort is low when compared with RA. . TNF inhibitors were not associated with an increased risk of infection in axial SpA. 
